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(57) ABSTRACT

Among the multiple OES data wavelengths, an analysis
device identifies the wavelength of light emissions from a
substance contained in the plasma from among multiple light
emission wavelengths within the chamber by way of the steps
of: measuring the light emission within the chamber during
etching processing of the semiconductor wafer; finding the
time-based fluctuation due to changes over time on each
wavelength in the measured intensity of the light emissions in
the chamber; comparing the time-based fluctuations in the
wavelength of the light emitted from the pre-specified sub-
stance; and by using the comparison results, identifying the
wavelength of the light emitted from the substance caused by
light emission within the chamber.

6 Claims, 10 Drawing Sheets

10

P

111
\

11

117

\p

LASMA MACHINING UNIT

SPECTROSCOPE
OES B
(OES) B

115

i %&ﬁ T

| 1114

1 112

IF UNIT 14

CONTROL UNIT .3




US 9,091,595 B2

Sheet 1 of 10

Jul. 28, 2015

U.S. Patent

6¢ T

NOI93Y I9VH0LS NOILYIWIOINI
JOVYIAY ALISNILNI NOISSIWI LHIIT

8711 NOILYWYOINI HLONITIAVM dIANIWWOIIY

NOI9IY IOVHOLS

/7] NOI9T¥ 39V40LS NOLLYWHOINI Q10HSIUHL]

— LINN 41 NOLLYDINNWWOD -2 €

NOI9Td 39VH0LS NOLLYWIOANI
9z-H  ONILYIZ¥Y0D HLONITIAVM TVHIHdINd —1 LINN 1Nd1N0 1€
NOI93Y 39VH0LS NOLLYWIO0aNI|[ ] — LINA LNdNI o€
sz ONLLYTINN0D IONV1SANS TYIILNAAI
PZH NOI9IY I9VHO0.LS Y1vd 530 |
NOIDIY 3DV40LS I78VL HIONITIAVM T = TINA TOUINGD
£7H ONIHDLYW GNY JoNvisans|| | |S z e
A 1INN 39V90LS = = (S30)3d02504.103dS |21
a4 5
HNL LINN 21901 DILIWHLIYY _|| 012 LINN ONINIHOVYW VINSY1d THH
LINN SISATYNY b1 1INN ONIHD13
[ ] /
0z~ o1
I

F°ODI4d




U.S. Patent Jul. 28, 2015 Sheet 2 of 10 US 9,091,595 B2

FIG.2
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FIG.3
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ANALYSIS METHOD, ANALYSIS DEVICE,
AND ETCHING PROCESSING SYSTEM

BACKGROUND

The present invention relates to a method for selecting a
wavelength to affect the etching processing results, from light
emission data measured during plasma etching processing
(hereafter called etching processing) in etching devices that
machine the semiconductor wafer by using plasma.

In order to achieve a microscopic shape such as for a
semiconductor device formed over a wafer, plasma is utilized
to ionize a substance, and by using the effect from that sub-
stance, (reaction with wafer surface) etching is performed to
remove a substance over the wafer. There are a variety of
substances for ionizing and there are also many types and
forms of substances over the wafer material used according to
the required product performance.

Moreover, in order to form a shape over the wafer, an
organic substance resist is coated over the wafer, a shape is
formed by photolithography, and etching performed. A sub-
stance is also placed whose reaction speed can be adjusted in
order to obtain a specified shape. A variety of types and forms
of substances that react with each other can be placed within
the chamber for performing the etching process.

The ionizing phenomenon implemented by plasma is
accompanied by a light emission phenomenon, so etching
devices that utilize plasma in the etching process include a
spectroscope (OES: Optical Emission Spectroscope) capable
of monitoring the plasma emission status.

Data measured by a spectroscope is hereafter called OES
data.

The OES data contains two dimensional spatial and tem-
poral elements and expresses the emission intensity values
respectively measured at each time and wavelength.

The light emission intensity values fluctuate according to
the state of the etching process so the etching process is
controlled by using the OES data. In one example of this
control, the etching process is terminated or the inflow gas
quantity is reduced when a specified wavelength value among
the OES data has exceeded the threshold.

Japanese Unexamined Patent Application Publication No.
Hei9 (1997)-306894 discloses a method for identifying the
wavelength used for controlling the etching from the OES
data.

Japanese Unexamined Patent Application Publication No.
Hei9 (1997)-306894 discloses a method to analyze the emit-
ted light occurring along with the plasma processing by the
plasma device, and automatically setting an optimal wave-
length for detecting a pre-established endpoint prior to
executing plasma processing based on fluctuations over accu-
mulated time in the light emission intensity on the specified
wavelength. More specifically, a method is disclosed for set-
ting a wavelength whose maximum value is the differential
detected by an intensity differential detector circuit, as the
optimal wavelength.

SUMMARY

The advances in recent years in making ever tinier and
detailed patterns on the semiconductor wafer serving as the
object for etching have created a need for higher accuracy
when performing the etching process.

The state of the substance contained in the plasma is
strongly related to the results obtained in the etching process.
An important element required for performing a high-accu-
racy etching process is observing the light emission from the
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plasma within the chamber during the etching process, and
identifying the wavelength exhibiting the light emitted from
the substance contained in the plasma during observation of
the light emission. The etching process can be improved to a
high degree of accuracy by monitoring the etching state
through using information (light emission intensity values
and fluctuation quantities) on the light emissions from the
substance contained in the plasma, and supervising and con-
trolling the processing.

Among the etching processes, Japanese Unexamined
Patent Application Publication No. Hei9 (1997)-306894 dis-
closes a method to detect the endpoint as the timing at which
etching ends in the etching process. However, the method
disclosed in Japanese Unexamined Patent Application Publi-
cation No. Hei9 (1997)-306894 selects the wavelength after
evaluating the light emission intensity at two specified time
points and therefore has the problem of being incapable of
selecting an effective wavelength when controlling the etch-
ing process with the light emission intensity at time points
(such as an intermediate time point in the etching process)
other than those two time points.

Another problem was that determining whether or not the
light emission intensity at the selected wavelength was
caused by the substance contained in the plasma.

Whereupon the present invention has the object of provid-
ing an OES data analysis method, analysis program, analysis
device, and analysis system to identify the wavelength that
exhibits light emission from the substance contained in the
plasma from OES data from observation of light emissions
during etching, and monitor, supervise, and control the etch-
ing process.

In order to achieve the above object, a representative mode
of'the present invention is featured in including the following
configuration in an etching device containing an analysis unit
to process the OES data.

The present invention has the unique feature of including
the steps of: measuring the light emission within the chamber
during the semiconductor wafer etching process; finding the
time-based fluctuations for each wavelength due to variations
over time in the measured light emission intensity of the light
emissions in the chamber; comparing the time-based fluctua-
tions corresponding to the wavelength of the light emission
by the pre-specified substance; and based on the compared
results, identifying the specified wavelength of light emitted
from the substance contained in the plasma within the cham-
ber.

The present invention is capable of identifying the wave-
length where light is emitted from the substance contained in
the plasma within the chamber, from the plurality of wave-
lengths in the OES data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of the
etching device of the first embodiment of the present inven-
tion;

FIG. 2 is a block diagram showing the configuration of the
etching unit of the first embodiment of the present invention;

FIG. 3 is a drawing for describing an example of the OES
data;

FIG. 4 is a graph for describing time-based fluctuations in
OES data at a specified wavelength;

FIG. 5 is a drawing for showing an example of a substance
and matching wavelength table;

FIG. 6 is a drawing for showing an example of an OES data
table;



US 9,091,595 B2

3

FIG. 7 is a drawing for showing an example of an identical
substance correlating information table;

FIG. 8 is a drawing for showing an example of a peripheral
wavelength correlating information table;

FIG. 9 is a drawing for showing an example of a threshold
information table;

FIG. 10 is a drawing for showing an example of a recom-
mended wavelength information table;

FIG. 11 is a drawing for showing an example of a light
emission intensity average information table;

FIG. 12 is a flow chart for showing the process flow in the
analysis device for the first embodiment of the present inven-
tion;

FIG. 13 is a graph for showing an example of the case of a
correlation in time-based fluctuations among wavelengths;

FIG. 14 is a graph for showing an example of the case
where there is no correlation in time-based fluctuations
among wavelengths;

FIG. 15 is a drawing for showing an example of the display
screen of the first embodiment of the present invention; and

FIG. 16 is a drawing for showing an example of the display
screen of the first embodiment of the present invention.

DETAILED DESCRIPTION

The embodiments of the present invention are described
next while referring to the accompanying drawings. In all
drawings for describing the embodiments, the same reference
numerals are generally attached to the same members, and
their redundant descriptions are omitted.

[Etching Device]

In the present invention, the etching device 1 as shown in
the block diagram in FIG. 1, includes an etching unit 10,
analysis unit 20, input unit 30, output unit 31, and communi-
cation IF unit 32, and also a bus 33 to mutually connect these
components.

The etching unit 10 includes a plasma machining unit 11, a
spectroscope (OES) 12, a control unit 13, and an IF unit 14.
The plasma machining unit 11 generates the plasma and
machines the wafer, and while the etching is being performed,
the spectroscope (OES) 12 obtains the light emission data
from the plasma serving as the OES data. The OES data is
stored by way of the IF unit 14, into the storage unit 22
contained in the analysis unit 20. The control unit 13 controls
the processing by the plasma machining unit 11. The etching
unit 10 is described in detail later while referring to FIG. 2.

The analysis unit 20 contains an arithmetic logic unit 21 to
process the collected OES data, a storage unit 22 to store OES
data, data showing the wavelength of the light emitted from
each substance, and the processed results, and an IF unit 210.
The arithmetic logic unit 21 obtains time-based data on the
plural light emission intensities from the OES data, calculates
the degree of similarity such as the correlation coefficient
among the obtained time-based data, and performs process-
ing to identify the wavelength required for monitoring, super-
vising, and controlling the etching process, from the extent of
the degree of similarity. The processing by the arithmetic
logic unit 21 is described in detail while referring to FIG. 13.

The input unit 30 is for example a mouse or keyboard that
receives information input by user operation. The output unit
31 is a display or printer for outputting information to the
user. The communication IF unit 32 is an interface connect-
able to other systems (also connectable to currently used
production control systems etc.) by way of the bus 33 and an
external network, and for sending and receiving information.
The bus 33 couples each component (10, 20, 30, 31, and 32).
Each IF unit (14, 29, etc.) are interfaces for sending and
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receiving information by way of the bus 33. The analysis unit
20 may also be connected as an analysis device outside of the
etching device 1.

[Etching Unit]

The etching unit 10 is comprised of the plasma machining
unit 11, a spectroscope (OES) 12, a control unit 13, and an IF
unit 14. The plasma machining unit 11 includes a chamber
111, electrode 112a and 11256, a window 115, and a gas
supply device 117. In response to instructions from the con-
trolunit 13, the plasma machining unit 11 stores the wafer 114
inside the chamber ill, supplies the etching gas from the gas
supply device 117, and causes the gas 113 made into plasma
to strike the wafer 114 by applying a voltage using the elec-
trode 112a and 1125, to machine the wafer 114. The gas 113
contains substances in the etching gas supplied from the gas
supply device 117 and substances generated in the wafer 114
from the machining process. A light 116 is emitted at a wave-
length according to the substance contained in the gas. The
emitted light passes through the window 115 and is measured
by the spectroscope (OES) 12.

[OES Data]

FIG. 3 is a drawing for describing an example of the OES
data measured by the spectroscope (OES) 12. The OES data
contains two dimensional spatial and temporal elements, and
expresses the light emission intensity value respectively mea-
sured at each wavelength and time. FIG. 4 is a graph for
describing time-based fluctuations in light emission intensity
at a specified wavelength. The light emission intensity value
varies with the time as shown in FIG. 4. The locus of the
time-based fluctuations varies with the wavelength.
[Analysis Unit]

The analysis unit 20 as shown in FIG. 1, includes an arith-
metic logic unit 21, a storage unit 22, and an IF unit 210. The
storage unit 22 contains a substance and matching wave-
length table storage region 23, OES data storage region 24,
identical substance correlating information storage region 25,
peripheral wavelength correlating information storage region
26, threshold information storage region 27, and recom-
mended wavelength information storage region 28.

Information specifying the wavelength of light 116 from
the substance possible contained in the gas 113 is stored in the
substance and matching wavelength table storage region 23.
The substance is a single element or coupled from plural
elements, and the wavelength of the light emitted from each
substance is identified by measurements made beforehand.
The substances as described here are not constantly contained
in the gas 113. Moreover, if the wavelengths of light emitted
from each substance are the same then the substances are
identical even if the conditions for the etching device 1 are
different.

FIG. 5 shows a substance and matching wavelength table
23a serving as the first embodiment of the substance and
matching wavelength table storage region 23. This table con-
tains respective fields such as the substance field 2356, and
wavelength field 23c, etc.

Information for identifying the substance possibly con-
tained in the gas 113 is stored in the substance field 235.

Information for identifying the wavelength of light emitted
from the substance specified in substance field 234 is stored in
the wavelength field 23¢. The wavelength specified by the
wavelength field 23¢ is made to correspond to one or a plu-
rality of substances.

The light emission intensity value for wavelengths stored
in the wavelength field 23¢ among OES data might not nec-
essarily always be determined by the light emission from a
substance (stored on the same row) linked to the substance
field 235. Therefore, monitoring, supervision, and control of
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the plasma machining unit 11 requires identifying a substance
whose light emission intensity is determined by light emis-
sion from a substance linked to the substance field 235 among
the wavelengths stored in the wavelength field 23c.

The OES data storage region 24 contains information
specifying OES data measured by the spectroscope (OES) 12.

FIG. 6 shows the OES data table 244 serving as the first
embodiment of the OES data storage region 24. This table
contains each field such as a wavelength field 245, time field
24c, light emission intensity field 244, etc.

Information for identifying the wavelength of the mea-
sured OES data is stored in the wavelength field 245. Rows
storing values identical to the values stored in wavelength
field 23¢ of the previously described substance and matching
wavelength table 23a are present in the wavelength field 245.

Information specifying the time of the measured OES data
is stored in the time field 24¢.

Information for specitying the light emission intensity of
the OES data for the wavelength specified via the wavelength
field 245 and the time specified via the time field 24c¢ is stored
in the light emission intensity field 24d.

Results from calculating the correlation coefficient serving
as the degree of similarity for time-based data of light emis-
sion intensity for items applicable to the wavelength stored in
the substance and matching wavelength table storage region
23 among OES data stored in the OES data storage region 24,
are stored in the identical substance correlating information
storage region 25.

FIG. 7 is a drawing showing an example of an identical
substance correlating information table 25a serving as the
first embodiment of the identical substance correlating infor-
mation storage region 25. This table contains each field such
as a substance field 255, a wavelength field (column direc-
tion) 25¢, a wavelength field (row direction) 254, a light
emission intensity correlation 1 field 25e, etc.

Names for each substance emitting light on a wavelength
specified by the values stored in wavelength field (column
direction) 25¢ and wavelength field (row direction) 25d are
stored in the substance field 255.

The substance specified by the value stored in the sub-
stance field 254, is stored in the wavelength field (column
direction) 25¢ as information specifying the wavelength
linked via the substance and matching wavelength table 23a.

Substances specified by the value stored in the substance
field 255 are stored in the wavelength field (row direction)
25d, in the same way as the wavelength field (column direc-
tion) 25¢, as information specifying the wavelength linked via
the substance and matching wavelength table 23a.

The light emission intensity correlation 1 field 25e stores
information specifying the correlation coefficient serving as
the degree of similarity for both time-based fluctuations in
light emission intensity at a wavelength specified by a value
stored in the wavelength field (column direction) 25¢; and
time-based fluctuations in light emission intensity at a wave-
length specified by a value stored in the wavelength field (row
direction) 25d. The above described time-based fluctuations
in light emission intensity are values specified by way of the
OES data table 24a.

Results from calculating the correlation coefficient serving
as the degree of similarity for time-based data for light emis-
sion intensity for an applicable wavelength stored in the sub-
stance and matching wavelength table storage region 23
among the OES data stored in the OES data storage region 24,
are stored in the peripheral wavelength correlating informa-
tion storage region 26.

FIG. 8 shows the peripheral wavelength correlating infor-
mation table 26a serving as the first embodiment of the
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peripheral wavelength correlating information storage region
26. This table contains each table such as a substance field
26b, a wavelength field 26c¢, a peripheral wavelength field
26d, and a light emission intensity correlation 2 field 26e.

The substance field 265 stores each substance name corre-
sponding to the value stored in the substance field 2356 of the
substance and matching wavelength table 23a.

The wavelength field 26¢ stores values for wavelengths
corresponding to values stored in the wavelength field 23¢ of
the substance and matching wavelength table 23a.

The peripheral wavelength field 264 stores information
showing the peripheral range of the wavelengths, with wave-
lengths specified by values stored in the wavelength field 26¢
utilized as a reference standard. In the example in FIG. 8, a
value where 50 was subtracted from the value stored in wave-
length field 26c¢, up to a value where 50 was added to the value
stored in the wavelength field 26¢ are stored in the peripheral
wavelength field 26d, however a value other than 50 may be
utilized, and the subtracted value and the added value may be
mutually different values.

The light emission intensity correlation 2 field 26e stores
information specifying the correlation coefficient serving as
the degree of similarity, for time-based fluctuations for light
emission intensity in the wavelength specified by the value
stored in the wavelength field 26¢; and the averaged time-
based fluctuations for light emission intensity in the wave-
length range specified by the value stored in the peripheral
wavelength field 264. The above described time-based fluc-
tuations in light emission intensity are values specified via the
OES data table 24a. The above described averaged time-
based fluctuations for light emission intensity are values
specified via the light emission intensity average information
table 29a described later on.

Conditions for selecting a wavelength suitable for use in
monitoring, supervision, and control of the etching unit 10 are
stored in the threshold information storage region 27.

FIG. 9 shows the threshold information table 27a serving
as the first embodiment of the threshold information storage
region 27. This table contains each field such as the threshold
value 1 field 275, threshold value 2 field 27¢, and threshold
value 3 field 274, etc.

The threshold value 1 field 276 stores information for
specifying the cell storing a large correlation coefficient for
the light emission intensity correlation 1 field 25e¢ of the
identical substance correlating information table 254.

The threshold value 2 field 27¢ stores information for
specifying the wavelength to serve as the recommended
wavelength, by using information stored in the identical sub-
stance correlating information table 25a.

The threshold value 3 field 27d stores information for
specifying the wavelength to serve as the recommended
wavelength, by using information stored in the peripheral
wavelength correlating information table 26a.

The recommended wavelength information storage region
28 stores information used for specifying the wavelength to
be utilized for monitoring, supervision, and control of the
etching unit 10 from among the wavelengths stored in the
substance and matching wavelength table storage region 23.

FIG. 10 shows the recommended wavelength information
table 28a serving as the first embodiment of the recom-
mended wavelength information storage region 28. This table
includes each field such as the substance field 285, the wave-
length field 28¢, and the recommended wavelength field 284,
etc.

The substance field 285 stores the name of the substance
corresponding to the values stored in the substance field 235
in the substance and matching wavelength table 23a.
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The wavelength field 28¢ stores the value of the wave-
length corresponding to the value stored in the wavelength
field 23¢ of the substance and matching wavelength table 23a.

The recommended wavelength field 284 stores informa-
tion for specifying the wavelength ideal for use in monitoring,
supervision, and control of the etching unit 10 from the wave-
lengths specified by way of the value stored in the wavelength
field 28c.

The light emission intensity average information storage
region 29 stores information for specifying the value that the
OES data stored in the OES data storage region 24 is averaged
in the specified wavelength zone.

FIG. 11 shows the light emission intensity average infor-
mation table 29a serving as the first embodiment of the light
emission intensity average information storage region 29.
This table contains each field such as peripheral wavelength
field 295, time field 29¢, and light emission intensity average
field 294, etc.

The peripheral wavelength field 296 stores information
specifying the peripheral range of the wavelength whose cal-
culated light emission intensity average was specified by way
of a value stored in the light emission intensity average field
29d.

The time field 29¢ stores information for specifying the
measured time of the light emission intensity average speci-
fied by way of the value stored in the light emission intensity
average field 294.

Information specifying averaged results in a range speci-
fied by way of a value stored in the peripheral wavelength
field 295, from values stored in the light emission intensity
field 24d of OES data table 24aq is stored in the light emission
intensity average field 294.

[Analysis Process by Analysis Unit 20]

FIG. 12 shows analysis processing (expressed in process-
ing steps such as S101) performed mainly by the arithmetic
logic unit 21 in the analysis unit 20. The analysis process is
described while referring to FIG. 12.

The arithmetic logic unit 21 implements the analysis pro-
cessing shown in FIG. 12 when the etching processing by the
etching unit 10 ends or the user inputs a command to execute
the analysis process. The respective values are stored in the
substance and matching wavelength table 23a, the OES data
table 24a, and the threshold information table 274, at the stage
where executing the analysis process. The values measured in
past testing is stored in the substance and matching wave-
length table 23a, the values measured by the spectroscope
(OES) 12 is stored in the OES data table 244, and the values
set by the designer is stored in the threshold information table
27a.

(S101)

In S101, the arithmetic logic unit 21 stores the required
data for calculation in each data table.

First of all, the arithmetic logic unit 21 stores the value
stored in the substance field 235 in the substance and match-
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stores the value stored in the wavelength field 23¢ of the
substance and matching wavelength table 234, into the wave-
length field 26¢.

The arithmetic logic unit 21 also stores the value stored in
the substance field 235 in the substance and matching wave-
length table 23a, into the substance field 285 of the recom-
mended wavelength information storage table 28a, and stores
the value stored in the wavelength field 23¢ of the substance
and matching wavelength table 234, into the wavelength field
28c.

The arithmetic logic unit 21 further stores the value stored
in the time field 24¢ of the OES data table 24a into the time
field 29¢ of the light emission intensity average information
table 29a.

When step S101 ends, the arithmetic logic unit 21 stores a
in the value i showing a row number in the substance and
matching wavelength table 23a.

(S102)

In S102, the arithmetic logic unit 21 calculates the corre-
lation of the time-based data for light emission intensity
between identical substances, using information in the OES
data table 24 as input, and stores the calculated correlation in
the identical substance correlating information table 254.

Firstofall, the arithmetic logic unit 21 deletes all data in the
identical substance correlating information table 254.

The arithmetic logic unit 21 loads the value (substance 1)
stored in the i-th row of the substance field 235 in the sub-
stance and matching wavelength table 234, and stores the
value in the substance field 255 of the identical substance
correlating information table 25a.

The arithmetic logic unit 21 scans the substance field 235 in
the substance and matching wavelength table 23a from the
first row to the final row, and for the row storing a value
identical to substance i, stores the value stored on the appli-
cable row of wavelength field 23¢ into the final column of
wavelength field (column direction) 25¢, and final row of
wavelength field (row direction) 25d. If there is already a
value stored in the final column then one column is added to
the final column, and the value stored in the applicable col-
umn. Also, if there is already a value stored in the final row,
one row is added to the final row in the same way, and the
value stored in the applicable row. This process stores a value
identifying a wavelength corresponding to substance i, in the
wavelength field (column direction) 25¢ and wavelength field
(row direction) 254 of the identical substance correlating
information table 25a.

The arithmetic logic unit 21 further stores the value in the
light emission intensity correlation 1 field 25¢. By setting the
column number of wavelength field (column direction) 25¢ as
j, and the row number of wavelength field (row direction) as
k, the value (r,) stored in k row j column of light emission
intensity correlation 1 field 25e can be calculated by way of
the following formula (1).

Formula (1)

=

=1

ing wavelength table 23a, into the substance field 265 of the
peripheral wavelength correlating information table 264, and

65

=1

The significance of each symbol in formula (1) is given as
follows.
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Here in wavelength field 245 of OES data table 24aq, the
symbol p denotes the column number storing a value identical
to the value stored in the j column of wavelength field (col-
umn direction) 25¢.

In wavelength field 245 of OES data table 24a, the symbol
q denotes the column number storing a value identical to the
value stored in the k row of the wavelength field (row direc-
tion) 254.

The symbol xlp denotes the value stored in 1 row p column,
among the values stored in the light emission intensity field
244 of the OES data table 24a.

The symbol x,,, denotes the value stored in m row p col-
umn among the values stored in the light emission intensity
field 244 of the OES data table 24a.

The symbol x;, denotes the value stored in 1 row g column
among the values stored in the light emission intensity field
244 of the OES data table 24a.

The symbol x,,, denotes the value stored in m row q col-
umn among the values stored in the light emission intensity
field 244 of the OES data table 24a.

The symbol n expresses the number of rows of the light
emission intensity field 244 in the OES data table 24a.

The symbol r, is the value (correlation coefficient) calcu-
lated in formula (1). The symbol r, expresses the extent of the
degree of similarity of the time-based fluctuation for the value
stored in the p column of light emission intensity field 244,
and the value stored in the q column of light emission inten-
sity field 244.

FIG. 13 is graphs of the time-based fluctuations in light
emission intensity, and shows the value for correlation coef-
ficient r; among the time-based fluctuations expressed in
these two graphs. The time-based fluctuations in the two
graphs are similar, and a large correlation coefficient r; can
also be observed.

The formula (1) utilizes a correlation coefficient but other
indices for evaluating the degree of similarity may also be
utilized.

The arithmetic logic unit 21 calculates the correlation coet-
ficient using formula (1) for all combinations of rows and
columns in light emission intensity correlation 1 field 25e,
and stores the calculated value.

(S103)

In S103, the arithmetic logic unit 21 inputs information
from OES data table 24a, calculates the average value of light
emission intensity on wavelengths peripheral to the wave-
length of the i-th row, and stores that average value in the light
emission intensity average information table 29a.

The arithmetic logic unit 21 first of all loads the value
stored in the i-th row of wavelength field 23¢ into the sub-
stance and matching wavelength table 23a, and sets the
peripheral range of the wavelength using the loaded value as
a reference. In the present embodiment, a value where 50 is
subtracted from the loaded value is set as the minimum value,
and a value where 50 is added to the loaded value is set as the
maximum value.

The arithmetic logic unit 21 stores the set range in a “Mini-
mum value range to maximum value range” format in the i-th
row of peripheral wavelength field 264 in the peripheral
wavelength correlating information table 264, and in the
peripheral wavelength field 295 of the light emission intensity
average information table 29a.

The arithmetic logic unit 21 next calculates the average
value for light emission intensity on the peripheral wave-
length using the following formula (2), from the first row to
the final row of the light emission intensity field 244 in the
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OES data table 24, and stores the calculated value (AVE,) in
the light emission intensity average field 294 of the light
emission intensity average information table 294.

Formula (2)

Ave, = [Z f(xm)] / [Z g(xm)]
s=1 s=1

As 2 Apin and Ag < Apgy and Ag £ 4;

other than those above

Xos,
S %) = { 0.

1, As = Apip and Ag < Apgy and As £ A;
0, other than those abov

8(xps) = {

The meaning of each symbol in formula (2) is given as
follows.

Here, the symbol o denotes the row number for the light
emission intensity 244 in the OES data table 24.

The symbol X _denotes the value stored in o row s column
among the values stored in the light emission intensity field
244 of the OES data table 24a.

The symbol A denotes the value stored in the s column,
among the values stored in the wavelength field 245 of the
OES data table 24a.

The symbol A,,,,, denotes the minimum value stored in the
above described range.

The symbol A,,,,, denotes the maximum value stored in the
above described range.

The symbol A, denotes the value stored in the i-th row of the
wavelength field 23¢ in the substance and matching wave-
length table 23a.

The symbol u denotes the number of columns in the wave-
length field 24¢ of the OES data table 24a.

The symbol AVE  denotes the value stored in the o row of
the light emission intensity average field 294 in the light
emission intensity average information table 29a.

The formula (2) signifies the calculation of the average of
the light emission intensity for a wavelength, contained in the
range of values stored on the i-th row of the peripheral wave-
length field 264 in the peripheral wavelength correlating
information table 264, and also not matching the value stored
on the i-th row of the wavelength field 23¢ in the substance
and matching wavelength table 23a. The light emission inten-
sity for a wavelength matching the value stored on the i-th row
is here excluded from the calculation of the average value but
may also be included in the calculation.

(S104)

In step S104, the arithmetic logic unit 21 calculates the
correlation of the time-based data for light emission intensity
between information stored in the light emission intensity
field 24d of the OES data table 24a, and the information
stored in the light emission intensity average field 294 of the
light emission intensity average information table 29a, and
stores the calculated value in the light emission intensity
correlation 2 field 26¢ of the peripheral wavelength correlat-
ing information table 26a.

The arithmetic logic unit 21 stores the value (r,) calculated
by the following formula (3), into the i-th row of the light
emission intensity correlation 2 field 26e.
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1 Formula (3)

{Z [xb D) xmp/n][yl i ; yl/n]}z :

) m—1

1S g 3o 80}

=1 =1

n =

The meaning of each symbol in formula (3) is given as
follows.

Here, the symbol p denotes the column number storing a
value identical to the value in the i-th row of the wavelength
field 23¢ is stored in the wavelength field 245 of the OES data
table 24a.

The symbol X, denotes the value stored in l row p column
among the values stored in the light emission intensity field
244 of the OES data table 24a.

The symbol y,; denotes the value stored in 1 row among the
values stored in the light emission intensity average field 294
of'the light emission intensity average information table 29a.

The symbol n expresses the number of rows of the light
emission intensity field 244 in the OES data table 24a.

The symbolr, is a value (correlation coefficient) calculated
in formula (3). The symbol r, expresses the extent of the
degree of similarity of the time-based fluctuation between the
value stored in the p column of the light emission intensity
field 244 in the OES data table 24a, and the value stored in the
q column in the light emission intensity field 244.

The formula (3) utilized a coefficient correlation but other
indices for evaluating the degree of similarity may also be
utilized.

(S105)

In step S105, the arithmetic logic unit 21 utilizes the infor-
mation stored in the identical substance correlating informa-
tion table 25a to judge whether or not the wavelength speci-
fied by way of the value stored on the i-th row of wavelength
field 23¢ in the substance and matching wavelength table 23a
is the wavelength capable of being utilized for monitoring,
supervision and control of the etching unit 10.

The arithmetic logic unit 21 utilizes the value stored in the
light emission intensity correlation 1 field 25¢ of the identical
substance correlating information table 254 as an input, to
calculate by way of the following formula (4) the percentage
(R,) by which the value stored in the light emission intensity
correlation 1 field 25e is larger than the value stored in the
threshold value 1 field 275 of the threshold information table
27a.

Formula (4)

{Zhw)/m—l), atl
Ri=973
0, a=1

1, zZw=Th and A, £A,,

0, other than those above

h(zuw) = {

The meaning of each symbol in formula (4) is given as
follows.

The symbol v denotes the row number storing a value
identical to the value stored in the i-th row of the wavelength
field period 23¢, into the wavelength field (row direction) 254
of the identical substance correlating information table 25a.

The symbol w is the value for specifying the column num-
ber of the light emission intensity correlation 1 field 25¢ of the
identical substance correlating information table 254.

w
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The symbol a denotes the number of columns in the light
emission intensity correlation 1 field 25¢ of the identical
substance correlating information table 25a.

The symbol Z,,, denotes the value stored in the v row w
column among the values stored in the light emission inten-
sity correlation 1 field 25¢ of the identical substance corre-
lating information table 25a4.

The symbol Th, denotes the value stored in the threshold
value 1 field 275 of the threshold information table 27a.

The symbol Av denotes the value stored in the v row, among
the values stored in the wavelength field (row direction) 254
in the identical substance correlating information table 25a.

The symbol Aw denotes the value stored in the w column,
among the values stored in the wavelength field (column
direction) in the identical substance correlating information
table 25a.

The symbol R, is a calculated value and indicates the
percentage by which the correlation coefficient for light emis-
sion intensity of the wavelength specified by the value stored
in the i-th row of the wavelength field 23¢ of the substance and
matching wavelength table 23a is larger than the value speci-
fied in the threshold 1 field 275. A large R, value indicates that
the light emission intensity on the wavelength linked to the
identical substance has similar time-based fluctuations. The
reason for the similar time-based fluctuations is likely caused
by increases or decreases in the quantity of that correspond-
ing substance (if the quantity of the substance is increased,
then the light emission intensity on the wavelength linked to
that substance will increase as the quantity of that substance
increases). By making use of this type of light emission
intensity for monitoring, supervision, and control of the etch-
ing unit 10, the quantity of the substance contained in the gas
113 can be known, and monitoring, supervision, and control
of the etching unit 10 can be effectively implemented.

Based on the above approach, the arithmetic logic unit 21
next compares the R, with the value stored in the threshold
value 2 field 27¢, and if R is a value equal to or larger than the
value stored in the threshold value 2 field 27¢, then the arith-
metic logic unit 21 judges that the wavelength identified by
the value stored in the i-th row of the wavelength field 23¢ in
the substance and matching wavelength table 23a is the wave-
length capable of being utilized for monitoring, supervision,
and control of the etching unit 10, and the arithmetic logic
unit 21 proceeds to the process in S106.

IfR, isavalue smaller than the value stored in the threshold
value 2 field 27¢, then the arithmetic logic unit 21 proceeds to
the process in S107.

(S106)

In S106, the arithmetic logic unit 21 stores the value “rec-
ommend 1” showing the judgment that the wavelength is
capable of being utilized for monitoring, supervision, and
control of the etching unit 10, into the i-th row of the recom-
mended wavelength field 284 in recommended wavelength
information table 28a.

(S107)

In S107, the arithmetic logic unit 21 utilizes the informa-
tion stored in the identical substance correlating information
table 254 to decide whether or not the wavelength specified by
the value stored in the i-th row of wavelength field 23¢ in the
substance and matching wavelength table 23a is the wave-
length capable of being utilized for monitoring, supervision,
and control of the etching unit 10.

The arithmetic logic unit 21 compares the value stored in
the light emission intensity correlation 2 field 26e of periph-
eral wavelength correlating information table 26a, with the
value stored in threshold value 3 field 274 of the threshold
information table 27a. If the value stored in the light emission
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intensity correlation 2 field 26e is smaller than the value
stored in the threshold value 3 field 274, the waveform speci-
fied by the value stored in the i-th row of wavelength field 23¢
of'the substance and matching wavelength table 23« is judged
as the wavelength capable of being utilized for monitoring,
supervision, and control of the etching unit 10, and the arith-
metic logic unit 21 proceeds to the process in S108.

However, if the value stored in the light emission intensity
correlation 2 field 26¢ of the peripheral wavelength correlat-
ing information table 26« is small, the small value signifies
that the degree of similarity between the time-based fluctua-
tions in light emission intensity on the wavelength specified
by the value stored in the i-th row of the waveform field 23¢
of the substance and matching wavelength table 23a, and
average of time-based fluctuations for light emission inten-
sity on the peripheral wavelength is small as shown in FIG.
14. In this case, the increase or decrease in the light emission
intensity on the applicable wavelength is likely caused by
factors such as the temperature and amount of that corre-
sponding substance. Using the light emission intensity on this
type of wavelength to monitor, supervise, and control the
etching unit 10 permits knowing factors such as the tempera-
ture and amount of the substance contained in the gas 113, and
the monitoring, supervision, and control of the etching unit 10
can be effectively implemented.

If'the value stored in the light emission intensity correlation
2 field 26e is larger than the value stored in the threshold value
3 field 274, the arithmetic logic unit 21 proceeds to the pro-
cess in S109.

(S108)

In S108, the arithmetic logic unit 21 stores the value for
“recommend 2” showing the judgment that the wavelength is
capable of being utilized for monitoring, supervision, and
control of the etching unit 10, into the i-th row of the recom-
mended wavelength field 284 in the recommended wave-
length information table 28a. If a value for “recommend 17 is
already stored then “recommend 1 and “recommend 2” are
both jointly recorded.

(S109)

In S109, if the processing in S106 or S108 was executed,
the arithmetic logic unit 21 performs processing to provide a
wavelength capable of being utilized for monitoring, super-
vision, and control of the etching unit 10 to the user.

Ifthere is a value for “recommend 1” stored in the i-th row
in the recommended wavelength field 284 of the recom-
mended wavelength information table 28a, the arithmetic
logic unit 21 displays information as shown for example in
FIG. 15 on the output unit 31.

The arithmetic logic unit 21 displays the wavelength (value
stored in the i-th row of the wavelength field 23¢ of the
substance and matching wavelength table 23a) recommended
for utilization in device control and quality analysis, that is
judged as the wavelength exhibiting light emitted from a
substance contained in the plasma within the chamber; and
the name of the substance corresponding to that wavelength
(value stored in the i-th row of the substance field 2356 of the
substance and matching wavelength table 23a).

The arithmetic logic unit 21 also displays the correlation
coefficient (value stored in the light emission intensity corre-
lation 1 field 25e of the identical substance correlating infor-
mation table 25a) between the time-based fluctuations for
light emission intensity in the recommended wavelength, and
the time-based fluctuations for light emission intensity in the
wavelength from the same substance as the recommended
wavelength.

The arithmetic logic unit 21 further displays a graph of the
time-based fluctuations for light emission intensity in the

10

15

20

25

30

35

40

45

50

55

60

14

recommended wavelength, and the time-based fluctuations
(value stored in the light emission intensity field 244 of the
OES data table 24a) for light emission intensity in the wave-
length from the same substance as the recommended wave-
length.

If'there is a value for “recommend 2” stored in the i-th row
of the recommended wavelength field 284 of the recom-
mended wavelength information table 284, the arithmetic
logic unit 21 displays information as shown for example in
FIG. 16 on the output unit 31.

The arithmetic logic unit 21 displays the recommended
wavelength (value stored in the i-th row of the wavelength
field 23¢ of the substance and matching wavelength table
23a) and the name of the substance corresponding to that
wavelength (value stored in the i-th row of the substance field
23b of the substance and matching wavelength table 23a).

The arithmetic logic unit 21 also displays the correlation
coefficient (value stored in the light emission intensity corre-
lation 2 field 26e of the peripheral wavelength correlating
information table 26a) between the time-based fluctuations
for light emission intensity in the recommended wavelength,
and the time-based fluctuations for the light emission inten-
sity average on the recommended peripheral wavelength.

The arithmetic logic unit 21 further displays a graph of
time-based fluctuations (value stored in the light emission
intensity field 24d of OES data table 24a) for light emission
intensity in the recommended wavelength; and the time-
based fluctuations (value stored in light emission intensity
average field 294 of the light emission intensity average infor-
mation table 294a) for the light emission intensity in the wave-
length from the same substance as the recommended wave-
length.

(8110)

In S110, the arithmetic logic unit 21 ends the process when
the process has reached the final row of wavelength field 23¢
of'the substance and matching wavelength table 234, and adds
a 1 to if the process has not reached the final row, and executes
the calculation for the next row of the wavelength field 23¢ in
the substance and matching wavelength table 23a.

As described above, in the etching device 1 (analysis unit
20) of the present embodiment, the data measured by the
spectroscope (OES), and information on the wavelength of
light emitted by each substance can be provided as input
information to provide a wavelength that allows knowing
properties (such as the temperature and amount of substance
contained in the gas 113) of the gas 113. By using the light
emission intensity of the provided wavelength as an input, the
control unit 13 of the etching unit 1 can perform the etching
process with higher efficiency by appropriately controlling
factors such as the quantity of gas, temperature, and voltage
supplied to the chamber 111.

Moreover, a wavelength utilizable for monitoring, super-
vision, and control is automatically be selected from many
candidates among wavelengths in the OES data so that the
large quantity of man-hours required for analyzing the etch-
ing data can be eliminated and monitoring, supervising, and
control of the etching can be efficiently performed.

The embodiment of the present invention was specifically
described above, however the present invention is not limited
to the above embodiment and all manner of variations and
adaptations not departing from the scope ofthe present inven-
tion are permissible.

What is claimed is:

1. An analysis method comprising:

measuring a light emission within a chamber during etch-
ing processing of a semiconductor wafer;
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obtaining first time-based fluctuations on each wavelength
of light emitted from a pre-identified substance due to
changes over time in a measured intensity of the light
emissions within the chamber;

obtaining second time-based fluctuations on each periph-
eral wavelength that is a wavelength at a predetermined
distance from the wavelength of the light emitted from
the pre-identified substance due to changes over time in
the measured intensity of the light emissions within the
chamber;

calculating a first correlation value which is a correlation
value between the first time-based fluctuations on each
wavelength of the light emitted from the pre-identified
substance due to changes over time in the measured
intensity of the light emissions within the chamber;

calculating a second correlation value which is a correla-
tion value between the first time-based fluctuations and
the second time-based fluctuations on each wavelength;
and

identifying a wavelength indicating light emitted from a
substance contained in a plasma within the chamber by
using the first and second correlation values.

2. The analysis method according to claim 1,

wherein the time-based fluctuation in light emission inten-
sity of the peripheral wavelength is the time-based fluc-
tuation for an average value of light emission intensity
from the wavelength that the identified substance emits
light to a wavelength at the predetermined distance.

3. An analysis device comprising:

a processor unit configured to receive a measured light
emission value within a chamber during etching of a
semiconductor wafer,

wherein the processor unit is further configured to obtain
first time-based fluctuation on each wavelength of light
emitted from a pre-identified substance due to changes
over time in a received intensity of the light emission
within the chamber and second time-based fluctuations
on each peripheral wavelength that is a wavelength at a
predetermined distance from the wavelength of the light
emitted from the pre-identified substance due to changes
over time in the received intensity of the light emissions
within the chamber,

calculate a first correlation value which is a correlation
value between the first time-based fluctuations on each
wavelength of the light emitted from the pre-identified
substance due to changes over time in the received inten-
sity of the light emissions within the chamber, and a
second correlation value which is a correlation value
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between the first time-based fluctuations and second
time-based fluctuations on each wavelength, and

identify the wavelength indicating light emitted from a
substance contained in the plasma within the chamber
by using the first and second correlation values.

4. The analysis device according to claim 3,

wherein the time-based fluctuation in light emission inten-
sity on the peripheral wavelength, is the time-based fluc-
tuation for an average value of light emission intensity
from the wavelength that the identified substance emits
light to the wavelength at the predetermined distance.

5. An etching processing system to etch the semiconductor

wafer comprising:

an etching device for etching the semiconductor wafer
including

an etching unit that etches the semiconductor wafer inside
the chamber and

a measuring unit that measures an intensity of light emis-
sion within the chamber; and

a device for analyzing the status of an etching processing,

wherein the device for analyzing the status of the etching
processing receives the measured light emission inten-
sity within the chamber,

obtains first time-based fluctuations on each wavelength of
the light emitted from a pre-identified substance due to
changes over time in a received intensity of the light
emission within the chamber and second time-based
fluctuations on each peripheral wavelength of the light
emitted from the pre-identified substance due to changes
over time in the received intensity of the light emissions
within the chamber,

calculates a first correlation value which is a correlation
value between the first time-based fluctuations on each
wavelength of the light emitted from the pre-identified
substance due to changes over time in the received inten-
sity of the light emissions within the chamber, and a
second correlation value which is a correlation value
between the first time-based fluctuations and the second-
time based fluctuations on each wavelength, and

identifies the wavelength indicating light emitted from a
substance contained in the plasma within the chamber
by using the first and second correlation values.

6. The etching processing system according to claim 5,

wherein the time-based fluctuation in light emission inten-
sity of the peripheral wavelength is the time-based fluc-
tuation for an average value of light emission intensity
from the wavelength that the identified substance emits
light to the wavelength at the predetermined distance.
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